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ABSTRACT
Objectives: To describe the patient demographics,
outcomes and trends of admissions with acute severe
asthma admitted to adult critical care units in England
and Wales.
Design: 10-year, retrospective analysis of a national
audit database.
Setting: Secondary care: adult, general critical care
units in the UK.
Participants: 830 808 admissions to adult, general
critical care units.
Primary and secondary outcome measures:
Demographic data including age and sex, whether the
patient was invasively ventilated or not, length of stay
(LOS; both in the critical care unit and acute hospital),
survival (both critical care unit and acute hospital) and
time trends across the 10-year period.
Results: Over the 10-year period, there were 11 948
(1.4% of total) admissions with asthma to adult critical
care units in England and Wales. Among them 67.5%
were female and 32.5% were male (RR F:M 2.1; 95%
CI 2.0 to 2.1). Median LOS in the critical care unit was
1.8 days (IQR 0.9–3.8). Median LOS in the acute
hospital was 7 days (IQR 4–14). Critical care unit
survival rate was 95.5%. Survival at discharge from
hospital was 93.3%. There was an increase in
admissions to adult critical care units by an average of
4.7% (95% CI 2.8 to 6.7)/year.
Conclusions: Acute asthma represents a modest
burden of work for adult critical care units in England
and Wales. Demographic patterns for admission to
critical care unit mirror those of severe asthma in the
general adult community. The number of critical care
admissions with asthma are rising, although we were
unable to discern whether this represents a true
increase in the incidence of acute asthma or asthma
severity.
INTRODUCTION
Asthma is one of the most common chronic
diseases in the western world and is respon-
sible for a considerable amount of public
spending. The UK estimates suggest that
asthma costs at least £750 million/year1 in
direct cost to the National Health Service
(NHS), although it is widely accepted that
the societal costs are likely to be much
higher. Estimates also suggest that about 35–
50% of overall spending on asthma is for
acute exacerbations2 and that around three-
quarters of these episodes represent treat-
ment ‘failure’.3 Treatment in a critical care
unit represents those most severely affected
and is the endpoint for those who have not
been adequately controlled by prevention
and intervention at earlier stages in their
care pathway.
There is no strict deﬁnition for what con-
stitutes a ‘critical care unit’, and indeed the
deﬁnition varies from country to country.4
There are fewer critical care beds per capita
in the UK than countries such as the USA
and Germany and thus patients admitted to
the UK critical care units are more severely
ill and have a higher mortality than other
countries in Western Europe and the USA.5
The epidemiology of asthma in paediatric
critical care units has been extensively
studied.6–9 There are in comparison few
large, long-term studies of the epidemiology
of adult asthma admissions to critical care
units (see table 1). The aim of this study was
to examine the demographics, outcomes and
trends of acute asthma admissions in adult
critical care units throughout England and
Wales between 2002 and 2011.
METHODS
The Intensive Care National Audit and
Research Centre Case Mix Programme
(ICNARC CMP) database is a national
ARTICLE SUMMARY
Strengths and limitations of this study
▪ This is the largest study of acute asthma admis-
sions to adult critical care units so far.
▪ The data are drawn from a large, national audit
and are well validated. The number of ‘missed’
cases is likely to be small.
▪ The cross-over between chronic bronchitis,
chronic obstructive pulmonary disease, pneumonia
in an asthmatic and ‘diagnostically correct’ asthma
make epidemiological assessment difficult.
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comparative audit of adult, general critical care units
spread geographically across England, Wales and
Northern Ireland. The ICNARC currently covers around
60–70% of the UK NHS adult, general critical care
units. Only data from England and Wales were included
in this analysis.
The ICNARC CMP data are recorded prospectively on
standard forms by trained data collectors according to
clearly agreed deﬁnitions and rules. Abstraction is usually
retrospective and based on chart review. Data are validated
both locally and nationally for completeness, inconsisten-
cies and illogical data and this process is repeated until all
queries are dealt with. Data are then incorporated into the
CMP. The ICNARC coding method is a ﬁve-tiered hier-
archical method speciﬁcally designed by ICANARC for
coding admissions to critical care. The code builds by type
of condition (medical or surgical), body system, body site,
body process and speciﬁc condition.10
Admissions were identiﬁed as having acute asthma if
the primary or secondary reason for admission was
coded as an ‘asthma attack in new or known asthmatic’.
Demographic data, along with whether or not the
patient was invasively ventilated and outcomes, in terms of
length of critical care unit stay and death was collected.
Although data from some patients aged under 15 years
were included in our dataset, not all admissions to paediat-
ric acute asthma from England and Wales were captured.
The UK model of care means that paediatric critical care
is provided by dedicated, regional critical care units, which
do not submit data to the ICNARC CMP. Some short-term
care and stabilisation of children sometimes occurs in
general critical care units before moving children to
regional paediatric units, hence some children’s data were
included in the ICNARC CMP.
Invasive ventilation
A patient was regarded as being ventilated in the ﬁrst
24 h on the basis of a ‘ventilated respiratory rate’ being
recorded in the patient record.
Length of stay
Length of stay (LOS) was collected in days and fractions
of days using the dates and times of critical care unit
admission and discharge. Admission and ultimate dis-
charge dates and times from an acute hospital were used
for acute hospital LOS.
Deaths
Critical care unit and acute hospital mortality data were
collected. Critical care unit mortality was deﬁned if the
status at discharge from the critical care unit was dead.
Acute hospital mortality was deﬁned if the status at
ultimate discharge from acute hospital was dead.
Descriptive and statistical analyses were undertaken
using STATA V.10.1 (StataCorp LP, Texas, USA), PASW
Statistics V.18 (IBM Ltd, Feltham, UK) and Excel
(Microsoft Corp. Redmond, Washington, USA). Rate
ratios (RR) and 95% CIs were calculated for sex
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differences using the methods described by Armitage and
Berry.11 Linear regression was performed on log-
transformed number of admissions in each year using
SPSS V.19(IBM Ltd, Feltham, UK) to establish trends in
admissions over time, taking 2002 as the base year. Owing
to the low number of admissions in 2002, logarithmic
transformation allowed stabilisation of admission rates.
RESULTS
The number of participating units in the ICNARC CMP
rose from 142 to 205 units across the time period.
During the period 2002 to 2011, there were 830 808
admissions to adult general critical care units included
in the ICNARC CMP. Of these admissions 11 948 (1.4%)
had a diagnosis of acute asthma, 67.5% (8 064) of those
with acute asthma were women and 32.5% (3 884) were
men (RR F:M 2.1 95% CI 2.0 to 2.1). The demographics
of the study population are shown in table 2.
Within the ﬁrst 24 h 46.2% (5 519) of admissions were
invasively ventilated.
The median LOS in the critical care unit was 1.8 days
(IQR 0.9–3.8). Median length of hospital stay was 7 days
(IQR 4–14).
Overall survival on critical care unit was 95.5% (539
deaths). Survival to acute hospital discharge was 93.3%
(763 deaths). Mortality by age and sex are shown in table 3.
Total admissions with acute asthma by year are shown
in table 4. There was, on average, an increase in asthma
admissions to adult intensive care units by an average of
4.7% per year (95% CI 2.8 to 6.7) across the 10-year
period.
DISCUSSION
This study has demonstrated that acute asthma repre-
sents a modest burden of work on critical care units in
England and Wales when compared to diseases such as
pneumonia (5.9%).12 Critical care unit survival rate was
greater than 95%. This is an unusually high survival rate
for emergency medical admissions to intensive care in
the UK (overall survival 77.4%).13 The reasons behind
this are not clear, but are probably a function of asthma,
by deﬁnition, having some reversibility as part of the
disease process and therefore an area to exploit thera-
peutically. Compared to chronic obstructive pulmonary
disease (COPD), adult patients with asthma are less
likely to have other comorbidities and therefore a better
outcome.14 Asthma is also predominantly non-infective.
Patients who have sterile inﬂammatory insults, for
example anaphylaxis15 and cardiac surgery,16 also
appear to have survival rates in excess of 90%. This is
much higher than those with all-cause sepsis,17 which is
around 60% and pneumonia, which is around 50%.12 It
is difﬁcult to account for this, other than to say that
acute, non-septic inﬂammatory insults tend to be ‘point’
insults, rather than the ongoing inﬂammation of infec-
tion. We cannot tease out of our data which episodes of
‘acute asthma’ had an infective component and which
did not.
The sex ratios reﬂect the previously well-documented
sex variation in asthma; prevalence is higher in females
and they are more likely to be admitted to and stay
longer in hospitals.18 Prior to puberty, males predomin-
ate. These sex differences are also reﬂected in other
allergic conditions such as anaphylaxis19 and atopy in
Table 2 Admissions to critical care units with acute
asthma in England and Wales by age and sex
Males
n (%)
Females
n (%) Total
Critical care
admissions with acute
asthma
3884 (32.5) 8064 (67.5) 11 948
Acute asthma admissions by age band
<15 250 (60.1) 166 (39.9) 416
15–19 245 (33.1) 495 (66.9) 740
20–24 288 (28.4) 726 (71.6) 1014
25–29 286 (27.0) 772 (73.0) 1058
30–34 327 (26.7) 896 (73.3) 1223
35–39 357 (27.9) 921 (72.1) 1278
40–44 392 (30.2) 905 (69.8) 1297
45–49 342 (28.7) 851 (71.3) 1193
50–54 295 (33.8) 577 (66.2) 872
55–59 314 (40.1) 469 (59.9) 783
60–64 210 (38.8) 331 (61.2) 541
65–69 197 (38.0) 322 (62.0) 519
70–74 156 (39.1) 243 (60.1) 399
75–79 142 (41.3) 202 (58.7) 344
≥80 83 (30.6) 188 (69.4) 271
Data are presented as number of admissions (percentage within
age group).
Table 3 Mortality in admissions with acute asthma in
adult critical care units in England and Wales, between
2002 and 2011, by age group and sex
Age group
Critical care deaths
Acute hospital
deaths*
Male Female Male Female
<15 3 (1.2) 0 (0) 6 (2.5) 2 (1.2)
15–19 7 (2.9) 7 (1.4) 8 (3.3) 7 (1.4)
20–24 6 (2.1) 11 (1.5) 8 (2.8) 13 (1.8)
25–29 4 (1.4) 9 (1.2) 4 (1.4) 11 (1.5)
30–34 1 (0.3) 11 (1.2) 4 (1.3) 15 (1.7)
35–39 8 (2.2) 13 (1.4) 9 (2.6) 19 (2.1)
40–44 11 (2.8) 19 (2.1) 15 (3.9) 19 (2.2)
45–49 7 (2.0) 38 (4.5) 11 (3.3) 47 (5.7)
50–54 14 (4.7) 38 (6.6) 20 (7.0) 45 (8.0)
55–59 24 (7.6) 45 (9.6) 32 (10.5) 55 (12.0)
60–64 16 (7.6) 41 (12.4) 23 (11.2) 57 (17.6)
65–69 21 (10.7) 39 (12.1) 34 (17.7) 61 (19.3)
70–74 15 (9.6) 33 (13.6) 25 (16.2) 45 (19.1)
75–79 23 (16.2) 34 (16.8) 33 (23.6) 47 (24.1)
>80 19 (22.9) 39 (20.7) 29 (34.9) 59 (32.2)
Data are presented as number of deaths (% admissions within sex
and age group).
*Excludes re-admissions to the critical care unit during the
hospital stay.
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general. The causes of this again are not fully estab-
lished, but may be due to female sex hormone levels,20 a
different aetiology of airway hyper-reﬂexiveness between
males and females or differences in immunology
between the sexes.21
ICNARC data only records those who were ventilated
in the ﬁrst 24 h after critical care admission. However, it
is likely that this accounts for most of those who were
invasively ventilated with acute asthma. Rates of ventila-
tion were higher than that reported in Australia22 and
the USA.23 This is likely due to the differing geograph-
ical models for what deﬁnes critical care. Owing to
reduced numbers of critical care beds per capita in the
UK compared with the USA, patients in UK critical care
units have a much higher illness severity than those in
the USA.5
In asthma patients, the median length of adult critical
care unit stay was less than 2 days. This is a shorter time
period to previously published studies in asthma patients
in the US healthcare system23 and has not reduced
when compared to the late 1990s in the UK.24 Median
length of total acute hospital stay in this study popula-
tion with asthma was 7 days. This is comparable to
length of hospital stay for those admitted for asthma in
a critical care area in the US system. It also represents a
reduction of hospital LOS by around 1 day in the UK
when compared with the late 1990s.24 Again, this is
probably representative of the differing criteria for crit-
ical care between the UK and the USA rather than true
disease variation or outcome differences. Proportionally
fewer patients were ventilated in our study population
compared to previous studies.24 Identifying the reason
for this is not straightforward. During this time, there
was a rise in UK critical care bed numbers by 30%,25
which may mean that critical care is offered to a wider
group of patients (ie, the less unwell) or it may repre-
sent reduced disease severity and improved earlier
intervention.
Mortality, both in terms of absolute numbers and per-
centage, increased with age. This will inevitably be due
to the reduced physiological reserve and the increased
comorbidities associated with increasing age. We have
no information about which patients died due to ‘thera-
peutic failure’ and which patients died as a result of
withdrawal of care. It is noticeable however, that younger
patients who died, had died in the critical care unit and
this proportion reduces with increasing age.
Trends in asthma admissions with time in the UK
adult critical care units show that the number of admis-
sions is rising. This should be interpreted with caution
when using these ﬁgures, since the number of critical
care beds and all cause admissions included in
ICNARC’s CMP has increased by 40% and 130%,
respectively across the same period.26 The severity of
asthma at presentation is also unknown in this dataset,
which makes understanding the trends more difﬁcult.
Admissions, both to hospital and the critical care unit
are not based on static criteria, but on the severity of the
asthma, as well as the availability of beds and healthcare
culture. This means that the rise in admissions may have
resulted from a lower admission threshold, rather than
any true increase in numbers of those with severe
disease.
Both incidence and prevalence of asthma increased
over the 20th century and although recently there have
been reports that new diagnoses are beginning to fall,27
a recent systematic review found that in most parts of
the world prevalence is still increasing, or is at best
static.28
Rates of admission, ventilation and outcomes for
asthma in critical care units differ from country to
country (see table 1). This probably reﬂects region and
country speciﬁc differences in healthcare systems rather
than true disease variation.5 Thus, although we can
compare our results to previous studies from developed
countries, when doing so we should not assume that dif-
ferences in outcomes are due to differences in care
quality. There may be differences in case-mix of patients.
The strengths of this study also lies in the database
that it is drawn from. The data produced by ICNARC’s
CMP database is a large national audit, both in terms of
number of participating units and number of patients
and is well validated. The model of care in the UK
means that there are few critical care units in the private
sector that take acute medical emergencies such as
acute asthma. Thus the number of missed cases due to
this is likely to be small. ICNARC also covers few special-
ist critical care units. Therefore, there may also be a
small number of admissions that are admitted to special-
ist units such as cardiac and neurointensive care units in
specialist hospitals. Again, the number of these is likely
to be small. We cannot state with conﬁdence what pro-
portion of general critical care units the ICNARC CMP
covers, although it is currently quoted as around 95%.29
The actual coverage of the dataset used for analysis is
however lower than this. This is a combination of the
number of units that have joined the CMP over the
years, the time it takes from starting to collect data to
having adequate quality data in the database, and the
fact that participation does not always ultimately trans-
late into data of sufﬁcient quality being made available
in the database.
Table 4 Admissions with acute asthma to adult critical care units in England and Wales by year
Year 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Admissions 874 1076 1167 1100 1096 1150 1287 1278 1528 1392
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This is the largest study based on number of admissions
with asthma admitted to adult critical care units ever
undertaken (see table 1). Previous studies have been on
smaller number of admissions, or for relatively shorter
periods of time. We are likely to see improved epidemio-
logical data for a variety of conditions in critical care with
the UK, France, Australia and New Zealand all producing
high quality, validated national audits of critical care activ-
ity which may be interrogated at the national or local level.
Our data conﬁrm the previously published high survival
rates in asthma admissions, regardless of region.
The limitations of this study lie in the diagnosis of
asthma itself. Asthma is increasingly recognised as the clin-
ical outcome of a number of heterogeneous pathways and
discussions over the correct method of diagnosis still
exist.30 This, added to the crossover in diagnosis between
bronchiolitis, COPD, pneumonia in an asthmatic and
heart failure, or ‘cardiac’ asthma make actual assessment of
the epidemiology of ‘diagnostically correct’ asthma difﬁ-
cult. However, this is a limitation in virtually all studies of
asthma epidemiology and the frequency of cross over in
our study is unlikely to be different to any other. Our
needing to work with aggregate data—because of concerns
regarding small numbers in some cells and the risks of dis-
closure—was a further limitation as this limited the analyses
that we were able to undertake. We were thus, for example,
not in a position to undertake sensitivity analyses to investi-
gate the possibilities of diagnostic coding errors at the
extremes of age.
In summary, acute severe asthma represents a modest
burden of work for the critical care unit in England and
Wales, but with relatively good outcomes compared to
other emergency admissions. The demographics follow
those of asthma in general, that is, a female preponder-
ance. The proportion of patients requiring invasive ventila-
tion has reduced since the late 1990s. LOS in both critical
care units and hospitals as a whole has not decreased since
the mid 1990s and is not broadly different to stays in other
countries with differing healthcare systems.
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